Objective: to investigate the association between maternal hypertension and low birth weight, in a public hospital in Petrolina, Pernambuco, Brazil. Methods: A case-control study was conducted on 317 individuals, such that the case group was composed of 87 mothers of children born with a weight of less than 2500 g and/or gestational age less than 37 weeks, and the control group was composed of 230 mothers of newborns of weight greater than or equal to 2500 g and gestational age greater than or equal to 37 weeks. Descriptive analysis and logistic regression were applied to the data gathered. Results: The results showed a statistically significant difference in maternal age between the study groups. The use of medications and number of prenatal consultations were also shown to be associated with low birth weight. After appropriate adjustments, the association between maternal hypertension and low birth weight was demonstrated to be strong and statistically significant (OR = 3.84; 95% CI: 1.92 -7.68). Conclusions: The findings indicate that maternal hypertension is a possible risk factor for low birth weight.
INTRODUCTION
Low birth weight (LBW) is considered to be one of the most important public health problems. It is one of the general health indicators for the population and predicts quality of life, health system efficiency (1) and, especially, child morbidity and mortality. (2) The World Health Organization (WHO) defines LBW as all cases in which the child weighs less than 2.5 kg at birth. (3) LBW is a consequence of a shorter gestational period, intrauterine growth restriction or an association between these two factors, as well as a variety of correlated maternal factors, such as arterial hypertension or other associated disease during the pregnancy, infections during the pregnancy, socioeconomic factors, lifestyle habits and reproductive history, among others. (4) According to recent international estimates dating from between 2000 and 2007, the mean rate of LBW among newborns is around 14%. This figure may vary from 4% in Finland up to 28% in countries like India. Consolidated data from the United Nations Children's Fund (UNICEF) reveal that the prevalence of LBW in the industrialized countries was around 7%, over the years 2000 to 2007. On the other hand, in developing countries, this figure reached around 15%. (5) In Brazil, this rate was of the order of 7.6% in the year 2000 and 8.2% in 2007, but it is known that there are notable variables between different regions of the country. For example, the rate was 9.1% in the southeastern region and 7.5% in the northeastern region, in the year 2007. The Brazilian Ministry of Health has attributed these contrasting data to the greater reliability of the data from the southern and southeastern regions. In Pernambuco, this incidence ranged from 7.0% in 2000 to 7.6% in 2007. (6) LBW constitutes one of the main single causes of neonatal, perinatal and infant mortality. Studies have demonstrated that LBW is strongly associated with the risk that children may become ill and die during their first year of life. Even though low weight newborns only comprise 7 to 10% of all live births, they account for two thirds of all neonatal deaths. (7) LBW and prematurity are determining factors in neonatal infections and higher rates of hospitalization, and they are significantly related to greater propensity towards delayed growth, postnatal neurological deficits and low school performance. (8) Among the factors that contribute towards LBW, arterial hypertension can be highlighted as one of the most important of them. According to the Brazilian Ministry of Health, hypertensive complications during pregnancy are the greatest cause of maternal and fetal morbidity and mortality, and such complications occur in around 10% of all pregnancies. (9) The etiology of hypertensive disorders is still unknown, but they constitute the greatest cause of maternal death in Brazil and the second greatest cause in the United States. (10, 11) A study carried out in São Paulo indicated that hypertensive disorders were the leading cause of maternal and fetal mortality, representing 23.3% of the maternal deaths investigated. (11) Hypertension during pregnancy has been given the general name of Gestational Hypertensive Syndrome (GHS). (12) Independent of type, hypertension is defined as systolic blood pressure greater than or equal to 140 mmHg and diastolic blood pressure greater than or equal to 90 mmHg. GHS is classified as chronic arterial hypertension, preeclampsia/ eclampsia, chronic hypertension with associated preeclampsia and gestational hypertension. (9, 10) Gestational hypertensive disorders have been indicated as some of the main factors contributing towards higher rates of preterm delivery, stillborn fetuses and neonatal morbidity. Maternal hypertensive syndromes give rise to high rates of cesarean deliveries, because of the compromised maternal and fetal condition. Furthermore, it has been demonstrated that abnormalities caused by hypertension during pregnancy may reduce the uterine-placental flow, thus giving rise to fetal hypoxia, low weight, preterm delivery and newborns that are small for the gestational age. (10, 12) These points therefore justified the present study, which had the aim of evaluating occurrences of this disorder and its association with LBW in a public hospital in Petrolina, State of Pernambuco, Brazil, given that studies on this population are scarce and there is an urgent need for data that would provide backing for defining appropriate policies and strategies for maternal and neonatal health.
MATERIALS AND METHODS

STUDY DESIGN AND SAMPLE
This case-control study was conducted among puerperae attended at Hospital Dom Malan, in Petrolina, Pernambuco, Brazil, independent of the municipality in which these women lived, between June and October 2009. Hospital Dom Malan is a general hospital administered by the municipality that only attends patients through the Brazilian National Health System (SUS). It is regarded as a high-complexity reference hospital for the entire São Francisco valley region, and is the only public institution in the region that has a neonatal Intensive Care Unit (ICU).
To form the case and control groups, the cases were defined as mothers whose children were born with a weight of less than 2500 g or a gestational age of less than 37 weeks, while the controls were defined as mothers whose children were born with a weight of greater than or equal to 2500 g or a gestational age of more than 37 weeks.
The sample size for this study was calculated using the Epi Info software (version 6.0), taking the following parameters that are available in the literature: (10) frequency of maternal hypertension of 64.7% among mothers in the case group and 23.4% among mothers in the control group. The minimum sample size was estimated as 93 cases and 186 controls, thus making a total of 279 participants, taking a confidence level (α) of 95% and a study power (β) of 80%. It was decided to double the number of controls, since it was foreseen that there might be some difficulty in identifying women in the case group, given that the outcome is considered to be a rare event.
SAMPLE SELECTION
Individuals were selected for the sample through firstly choosing puerperae who were eligible to participate in the case and control groups, according to data gathered from the hospital's daily register of births relating to the weight and gestational age of the newborns. This was done every week for four months.
All mothers of low-weight newborns who were still in the institution following the delivery at the time of the selection, along with those who returned to the hospital with their children not more than one week after the delivery, were invited to form part of the case group. The control group was also recruited through the same source, over the same period as for the case group, and was selected by using a random numbers table. Puerperae who presented cardiovascular diseases or any other systemic abnormality, and those who required antibiotic prophylaxis for dental procedures to be performed or who had previously undergone periodontal treatment during pregnancy, were excluded.
DATA GATHERING PROCEDURES
All the participants were properly informed about the study and they all signed a free and informed consent statement. This project had firstly been submitted to and approved by the Research Ethics Committee of Feira de Santana State University, Feira de Santana, Bahia (CAAE 0151.0.059.000-08) and has been followed the Helsink's recommendations for conduct clinical research in human subjects.
After giving consent, the participants were interviewed at an arranged time, through a questionnaire that asked for the following types of information: identification, sociodemographic data, gestational history, lifestyle habits and oral health characteristics.
Another source of information that was used was the pregnant woman's card, which served as backing for gathering information about prenatal care, such as blood pressure measurements, gestational age, number of consultations and use of medications, among other factors.
The parameters used to determine cases of maternal hypertension were blood pressure measurements greater than 140 x 90 mmHg recorded on the pregnant woman's card at one or more prenatal consultations, and declarations by the interviewee that arterial hypertension had occurred during the pregnancy, with investigations in the hospital medical files.
At the time of the interview, the puerpera's blood pressure was measured using an appropriate technique and reliable and duly calibrated equipment, while respecting the recommendations for this procedure. (13) The purpose of this measurement was to make an attempt to evaluate the quality of the blood pressure information recorded on the pregnant woman's card.
Following this, a single dental surgeon carried out a periodontal clinical examination in the mobile dental consultation office. This was directed towards identifying the existence of any periodontal disease among the participants, in accordance with the criteria proposed in the literature. (14) DATA ANALYSIS After the data gathering had been completed, descriptive analysis on the main dependent variable (LBW) and all the covariables considered in the study was conducted by means of numerical measurements. Simple frequencies were obtained, and statistical differences were assessed using the Pearson chi-square test, with a significance level of 5%.
To evaluate the association between maternal hypertension and LBW, Odds Ratios (OR) were estimated as a measurement of such associations, along with the respective 95% confidence intervals. Through unconditional logistic regression analysis, the presence of effect-modifying covariables was investigated using the maximum likelihood ratio test (p < 0.05), and the roles of confounding variables were assessed by means of the backward strategy. The STATA software, version 9.0, was used for processing and analyzing the data.
RESULTS
In total, 317 mothers were involved in the study, of whom 230 were in the control group and 87 were in the case group. Analysis on occurrences of LBW according to the maternal sociodemographic characteristics (table 1) showed that there was a statistically significant difference with regard to maternal age (p = 0.01). Among the mothers less than 19 years of age and over 35 years of age, the proportion of LBW (32.2%) was relatively greater than among the mothers who had children with normal weight (18.7%), thus obtaining an OR of 2.06 (95% CI: 1.12-3.73). However, when other characteristics were evaluated, no statistically significant differences between the case and control groups were identified for any of them. It was also found that there was an association between LBW and the use of medications during pregnancy (OR = 2.16; 95% CI: 1.11 -4.42). The number of prenatal consultations was also an important factor when compared between the two groups. Among the mothers who went to fewer than three consultations during their pregnancies, 33.4% were in the case group, whereas 13.04% were in the control group (OR: 3.33; 95% CI: 1.77-6.24) (table 2) Analysis on the crude association between maternal hypertension and LBW showed that the hypertensive mothers had a chance of having lowIn stratified analysis, only the use of medications was identified as a potential confounder. However, using theoretical confounding criteria recorded in the literature, the variables of maternal age, urinary infection during pregnancy, number of prenatal consultations and use of medications during pregnancy were used as confounders in the unconditional multivariate logistic regression analysis. After appropriate adjustments had been made for these covariables, the association measurement decreased but remained strong and statistically significant (OR = 3.84; 95% CI: 1.92 -7.68).
DISCUSSION
According to the findings obtained from this case-control study design, which was strategically appropriate for the rareness of the outcome (LBW), (15) a strong association was found between maternal hypertension and LBW, with statistical significance. Other studies with methodological variations reinforce these findings, (10, (16) (17) (18) although the magnitude of this association was found to be greater in the present study.
Given the multicausal nature of LBW and the vulnerability of the association hypothesis to the action of confounders, (19, 20) an effort was made to deal with variables that are classically considered to be confounders (maternal age, urinary infection during pregnancy, number of prenatal consultations and use of medications), which would be capable of distorting the epidemiological measurement obtained. However, even after appropriate adjustment procedures, the association was maintained in magnitude and precision.
Despite the methodological presuppositions made for the present study, we still acknowledge that are some limitations in relation to the criteria adopted for defining the exposure measurement (arterial hypertension). This measurement was obtained from information recorded in the pregnant women's medical files, which are an important instrument for reference and counter-reference between different hospital departments and systematically illustrate all the fundamental data relating to prenatal controls. (6) However, this information may be compromised because of quality problems regarding the way in which this document is filled in by the professionals who conduct the prenatal consultations, as already reported in other studies. (21, 22) Another point that suggests that there may a limitation in the present study is in relation to selfreported information. Most information of this nature cannot be validated. For example, the habit of smoking is a variable that is considered to be a classic determinant of LBW. However, in the present study, there were no significant differences between the cases and controls. This finding could lead to the interpretation that the veracity of this self-declared information is doubtful. Nonetheless, this is not a difficulty present in the majority of epidemiological studies.
weight children that was around four times greater than among the mothers without this condition (OR = 4.27; 95% CI: 2.18 -8.35) (table 3). On the other hand, it is worth highlighting that a commitment to methodological care was made in the present study, in order to minimize its weak points. One example of this was the implementation of periodontal examinations covering the mouth completely, given that periodontal disease, which remains little studied with regard to its contributions towards systemic illnesses, could be an important confounding factor for LBW. (14) In addition, it is emphasized that while the present study was still at the planning stage, it was adapted to conform with the STROBE recommendations, (23) which provide guidance for publishing papers within the field of epidemiology. The advice contained has the aim of guiding the publication of data coming from observational epidemiological architecture.
Another indicator of the quality of the present study may be represented by the homogeneity of the sample with regard to most of the variables. This respects the principle of maximum resemblance between the case and control groups, which is indispensable for this type of study. To this end, care was taken in simultaneously selecting the sample (one case for every four controls), in an attempt to avoid eligibility bias, particularly in view of the possibility of distortions caused by hospital controls, resulting from the well-known Berkson bias. (24) All the participants were individuals who were attending the hospital unit and had similar characteristics of medical conditions and lifestyles.
The variables that presented statistically significant differences between the groups were included in the modeling as confounding factors (urinary infection, number of prenatal consultations and use of medications) even if they were not identified empirically as confounders for the association between maternal arterial hypertension and LBW. Nonetheless, like in any epidemiological study, it is not possible to rule out residual confounding effects from variables that might have an influence on low weight and, at the same time, might be associated with maternal hypertension, but which were not measured in the present investigation.
Despite these limitations, the greatest contribution from this investigation comes from the fact that it presents data from a region with a population from a low social stratum, from the Sertão or backcountry region of northeastern Brazil. Historically, there have been difficulties in mapping out the health problems of this region and publishing the data in scientific media, particularly with regard to systematization of the scientific method. In other words, the contribution that this study makes is that through analytical epidemiological strategies, it presents the high magnitude of the association between maternal arterial hypertension and LBW among a socially disadvantaged population in a developing country.
Lastly, it is recommended that prospective studies, which have the capability to exert greater control over bias, should be conducted in order to elucidate not only the existence of a relationship between these two events, but also the strength of this association. Such studies might enable greater consistency of guidance for health actions among poor populations.
